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Grass species of the conservation areas of the Natal Drakensberg are divided into two ecological groups. Decreaser 
species are those which decrease with over- or under-utilization, while increaser I species are those which increase 
with under-utilization. The effect of intensity and height of shading on decreaser species (Themeda triandra, Hetero-
pogon contortus and Trachypogon spicatus) and increaser species (Tristachya leucothrix, Harpochloa falx and 
Alloteropsis semialata) was determined in potted plant trials. Results of this study support the hypothesis that de-
creaser species were more sensitive to low light intensities (30% full sunlight) than increaser species. These two 
species groups did not, however, differ in their response to height of shading. The results suggest that different fire 
regimes resulting in changes in canopy cover and light quality are important mechanisms in regulating tiller initiation 
in perennial grasses. 
Grassoorte van die Natalse Drakensberg word in twee ekologiese groepe verdeel. Afnemerspesies verminder met 
oor- of onderbenutting, terwyl toenemer-J-spesies vermeerder met onderbenutting. Die effek van digtheid en hoogte 
van beskaduwing op afnemerspesies (Themeda triandra, Heteropogon contortus en Trachypogon spicatus) en 
toenemerspesies (Tristachya leucothrix, Harpocloa falx en Alloteropsis semialata) is met behulp van potproewe 
vasgestel. Die resultate van hierdie studie ondersteun die veronderstelling dat afnemerspesies meer gevoelig is vir 
lae ligsterkte (30% volle sonlig) as toenemerspesies. Hierdie twee ekologiese groepe het egter nie in hulle reaksie 
ten opsigte van die hoogte van beskaduwing verskil nie. Die resultate dui daarop dat verskillende veldbrandstelsels 
wat veranderings in kroonbedekking en ligkwaliteit tot gevolg het, 'n belangrike meganisme in die regulering van 
spruitontwikkeling is. 
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Introduction 
Ecosystems which are influenced to an appreciable degree 
by fire include numerous plant species that are strong ve-
getative producers (Abrahamson 1980). This is particularly 
true of grass plants where lateral buds are produced from 
the axils of leaves at the nodes of the stem. This process, 
called tillering, is important in grassland reproduction. Dif-
ferent grass species differ in their ability to produce tillers 
(Tainton 1981), a factor which has led to the recognition of 
distinct ecological groups. In the conserved mountain 
catchments of the Natal Drakensberg most of the grass 
species fall into two such groups (Everson & Tainton 
1984). Decreaser species (e.g. Themeda triandra, Hetero-
pogon contortus and Trachypogon spicatus) comprise those 
species which typically dominate veld in good condition 
and represent the species of the biotic (fire) climax com-
munity. On the other hand increaser I species (e.g. Tri-
stachya leucothrix, Alloteropsis semialata and Harpocloa 
falx) are those which are not abundant in veld in good con-
dition, but which increase in the absence of fire as succes-
sion proceeds beyond the fire climax stage (Tainton et ai. 
1980). In the absence of any appreciable grazing pressure, 
these grasslands are at no time over-utilized and so in-
creaser II species are not an important component of these 
grasslands. 
The nodes from which tillers develop in decreaser 
species are normally borne above the soil surface, whereas 
those of increaser I species are normally borne at or below 
the soil surface. One would assume therefore that increaser 
I would be more resistant to frequent defoliation than 
would decreaser species. However, this is not so, since ex-
periments at Cathedral Peak (Everson & Tainton 1984) 
show that the tufted decreaser species dominate frequently 
burnt areas, whereas species which produce tillers from 
nodes situated at or below the soil surface, dominate infre-
quently burnt grassland. The inability of the tufted de-
creaser species to survive where the canopy remains dense 
for any length of time is related to the pattern of tillering 
(Tainton & Mentis 1984). New tillers of these species will 
not develop from heavily shaded basal nodes, but will de-
velop from elevated node positions. These elevated tillers 
do not develop effective roots and die before reaching ma-
turity. In contrast, increaser I species which produce tillers 
from intials borne at or below the soil surface are relatively 
unaffected by dense base shading. 
While the effect of shading on tiller initiation in agri-
cultural crvps has been fairly extensively studied (Aspinall 
& Paleg 1963; Friend 1966; Fletcher & Dale 1974), there 
has been little detailed investigation of the response in 
growth of indigenous grasses to shade. This prompted a 
nursery experiment, which was set up to determine the ef-
fects of intensity and height of artificial shade on the growth 
response of three decreaser species (T. triandra, H. con-
tortus, T. spicatus) and three increaser species (H. falx, A. 
semialata, T. leucothrix) in order to test the hypothesis that 
differential responses in tiller development are a direct re-
sult of shading at the crown level of the plant. 
Methods 
Three hundred and seventy eight plants compnsmg 63 
whole tufts each of T. triandra, T. spicatus, H. contortus, 
A. semialata, T. leucothrix and H. falx were collected in the 
field with roots intact to a depth of 200 mm. The plants 
were transplanted into black plastic bags 200 mm in diame-
ter and filled with a 3:1 mixture of soil and sand. Plants 
were left to recover in the pots for 8 weeks, with dead 
plants being replaced with live until all plants were growing 
vigorously. During this period plants were irrigated to 
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avoid water stress. Thereafter they were placed in an open 
nursery and received natural precipitation . 
Plants were then randomly allocated to two groups for 
the examination of the following: (i) the effect of intensity 
of shading on tiller initiation and (ii) the effect of height of 
shading on tiller initiation. 
Intensity of shading 
A nested design for analysis of variance was used with four 
levels of shading (factor A) , six different species (factor C) 
divided into two groups (increaser and decreaser) of three 
species each (factor B). Each combination (four shading x 
six species) was replicated nine times i.e . (4x6x9) -1 = 215 
degrees of freedom. Thus factor B was nested in factor A 
and factor C was in turn nested in A and B. Conventionally 
this is expressed as C(B(A». 
In practice this was achieved by randomly selecting 36 
plants of each species (216 plants) and allocating them to 
the following treatments: 100% (control), 80%, 60% and 
30% of full sunlight. Nine plants of each species were 
assigned to each treatment. The bottoms of the plastic bags 
were removed to avoid limiting root volume. These bags 
were then buried in trenches so that plants were growing at 
normal ground level. Plants were widely spaced (0,25 x 1 
m) to limit any possibility of interference between plants. 
Shadecloth which does not alter the spectral quality of light 
(Gaskin 1965) , was used to provide artificial shade. The 
shadecloth was sewn on to cylindrical wire frames (diame-
ter = 180 mm), set 200 mm above the ground. To obtain an 
estimate of growth all tillers were counted at the initiation 
of the experiment , and then recounted 12 months later. 
The results are expressed as the percentage increase in the 
number of tillers. 
Height of shading 
The same nested design described for intensity of shading 
was used except that here there were only three levels of 
factor A (height of shading) . There were thus (3x6x9)-1 
= 161 degrees of freedom . The effect of height of shading 
was examined by sewing shadecloth which admitted 60% 
full sunlight on to cylindrical wire frames (diameter = 180 
mm), set 100 mm and 200 mm above the ground. The third 
treatment, the control, had no shading treatment. Twenty 
seven plants of each of the six species were randomly 
assigned to each of the three height of shading treatments 
(i.e. nine plants per species per treatment) . The plants 
were set into trenches as described previously. Plant 
growth was estimated as described in the previous experi-
ment. 
Statistical procedures 
An analysis of variance for a nested design was applied to 
the data. The data were transformed to obtain normality. 
A plot of the variance against the mean gave a lognormal 
relationship, indicating that a logarithmic transformation 
was required. Since the data contained zeros it was neces-
sary to adjust the transformation to loge (x+ 1). Since the 
ordinary treatment means of the original variate values are 
inefficient estimates of the true treatment means because 
of non-normality, and are prone to distortion when the 
data are log-normally distributed (Rayner 1967), the data 
were de-transformed after analysis. Although these means 
may be biased, they are considered to be more efficient es-
timates of the true mean (Rayner 1967) . 
A multiple comparisons test (Student-Newman-Keuls 
test, Snedecor & Cochran 1971) was used to determine 
which factor levels within the analysis of variance were 
significantly different from others. 
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Results 
Intensity of shading 
The results in Table 1 showed that shading had a significant 
effect on the percentage increase in tillers at the 1 % level. 
The mean percentage increase in tillers decreased from 
2 808,6% under full sunlight to 12,1 % under 30% sunlight 
(Table 2). The multiple comparisons test (Table 2) showed 
that within each species there were no significant dif-
ferences between the control (full sunlight) and 80% sun-
light. Likewise for two of the increaser species (H. falx and 
T. leucothrix) there were no significant differences be-
tween the control and 60% sunlight. However, at this level 
all the decreaser species had a significantly reduced tiller 
number. This indicated that at 60% sunlight the decreaser 
species were more sensitive to shade than the increaser 
species. This was supported by the analysis of variance 
(Table 1) which showed that the differences between the 
decreaser and increaser categories were significant at the 
1 % level. 
Table 1 Nested analysis of variance of transformed data 
to show the effect of shading intensity (A), decreaser/ 
increaser effect (8) and species effect (C) on percentage 
increase in tillers 
Source Sums of Mean Signi-
(name) df squares square F-ratio ficance 
Total 215 1767,5971 8,2214 2,48 
A 3 858,0271 286,0090 86,28 *** 
B(A) 4 138,5859 34,6465 10,45 *** 
C(B(A)) 16 134,5431 8,4089 2,54 *** 
Sampling 
error 192 636 ,4409 3,3148 
** * = p < 0,001 
There were significant differences at the 1 % level be-
tween species (Table 1). This results mostly from the death 
of two of the decreaser species (H. contortus and T. 
spicatus) at the 30% sunlight level (Table 2). The multiple 
comparisons test showed that H. falx was best able to sur-
vive this low light intensity. 
Although reduced light intensities decreased tiller initia-
tion in all species, the decreaser species were more sensi-
tive to shading than the increaser species. 
Height of shading 
From the analysis of variance in Table 3 it was evident that 
height of shade had a significant effect (p < 0,001) on til-
ler initiation. There was a significant decrease in initiation 
of tillers from 592,8% under the control (no shade treat-
ment) to 287,7% at the 200-mm height of shade level 
(Table 4). The multiple comparisons test (Table 4) showed 
that the 200-mm height of shade level was the most detri-
mental to tiller initiation . 
In contrast to the shading intensity experiment, there 
was no significant difference between decreasers and in-
creasers (Table 3). However differences between species 
were apparent with H. falx once again being less sensitive 
to shading than the other species. 
Discussion and Conclusions 
Although shading caused a marked reduction in tillering , 
all species grew well. All plants, apart from those subjected 
to the highest shading intensity treatment , had a percent-
age increase in tillers in excess of 140% (Tables 2 & 3). This 
remarkable increase in the number of tillers is undoubtedly 
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Table 2 Effect of shade on the percentage increase in tillers subjected to different shade intensities between 2 March 1981 
and 2 March 1982 
Shade 
treatment 
(% full 
sunlight) 
100% (control) 
80 
60 
30 
Mean species effect 
Mean percentage 
increase in 
tillers 
2808,6 a 
684,8 b 
231,7 c 
12,1 d 
Mean decreaserlincreaser 
effect 
Themeda 
triandra 
c 1661,8 A 
bc 936,8 A 
ab 209,7 A 
a 23,3 B 
298,0 A 
Decreasers 
Heteropogon 
contortus 
c 3103,2 A 
c 1142,0 A 
b 141,3 A 
a 0,0 A 
148,9 A 
181,6 A 
Species 
Trachypogon 
spicatus 
c 3436,8 A 
c 911,8 A 
b 157,5 A 
a 0,0 A 
134,8 A 
Harpochloa 
falx 
b 5010,5 A 
ab 1235,3 A 
ab 876,8 A 
a 385,2 e 
1202,9 B 
Increasers 
Tristachya 
leucothrix 
b 1526,4 A 
b 408,8 A 
b 295,2 A 
a 26,4 B 
266,1 A 
474,0 B 
Alloteropsis 
semialata 
c 3619,6 A 
bc 685,4 A 
b 250,0 A 
a 18,8 B 
332,3 A 
Values sharing the same letter (capitals for species data; lower case for shade effect) are not significantly different at the 1 % level 
due to lack of competition. Caution should therefore be 
exercised when interpreting the results of potted plant ex-
periments and extrapolating them to conditions in the field. 
The results in Table 2 support the view expressed by 
Tainton & Mentis (1984), that increaser I species have a 
greater ability to survive shaded conditions than decreaser 
species. These authors attribute this to the fact that new 
tillers of decreaser species do not develop from heavily sha-
ded basal nodes. Tainton & Mentis (1984) observed that 
decreaser species respond to shade by the production of 
aerial tillers which lack roots and eventually die. The fact 
that two of the three decreaser species in this study died at 
Table 3 Nested analysis of variance of transformed 
data to show the effect of height of shade (A), decreaserl 
increaser effect (8) and species effect (C) on percentage 
increase in tillers 
Source Sums of Mean Signi-
(name) df squares square F-ratio ficance 
Total 161 115,4738 0,7172 1,76 
A 2 14,0475 7,0237 17,22 *** 
B(A) 3 2,9567 0,9856 2,42 NS 
C(B(A» 12 39,7554 3,3130 8,13 *** 
Sampling error 144 58,7141 0,4077 
*** = p < 0,001; NS = not significant 
the highest shading intensity supports this view. 
Tiller production also declined substantially with height 
of shade, especially at the 200-mm height level. This is most 
likely due to the increase in leaf area shaded at the latter 
height, the concomitant decrease in photosynthesis and 
hence lack of energy reserves for new growth. The fact that 
height of shade was not significantly different between de-
creasers and increasers implies that it is the base of the 
plant that is the most sensitive to shade. This view is sup-
ported by Deregibus et ai. (1985), who attributed tillering 
rate and death of tillers to changes in red:far red light at the 
base of the plant. These authors found that increased shad-
ing brought about by higher leaf densities decreased in-
coming red light, resulting in reduced tillering rates. The 
authors suggest that the plant parts located at the base of 
the plant were most sensitive to changes in the spectral 
composition of light. The sensitivity of buds to changes in 
the quality and quantity of light has also been documented 
by Mor et ai. (1980). 
According to Deregibus et ai. 1985, the red:far red ratio 
could serve as a signal to indicate canopy cover or leaf den-
sity. This signal is thought to interact with other stimuli re-
lated to the availability of various resources (water, assimi-
lates, nutrients, etc.) to determine the rate of tiller 
formation or death. The distribution of carbon among dif-
ferent sinks may be controlled in this manner (Mor et ai. 
1980). It is interesting to note that there are morphological 
differences between the increaser and decreaser species 
Table 4 Effects of shade on the percentage increase in tillers subjected to different heights of shading between 14 March 
1980 and 30 June 1981 
Species 
Decreasers Increasers 
Mean percentage 
Shade increase in Themeda Heteropogon Trachypogon Harpochloa Tristachya Alloteropsis 
treatment tillers triandra contortus spicatus falx leucothrix semialata 
No shade 592,8 c a 223,0 A b 933,1 B b 575,2 B a 1037,2 B b 303,1 A b 874,6 B 
100 mm 400,3 b a213,lA a 501,6 A a 315,6 A a 968,3 B ab 271,0 A a 465,1 A 
200 mm 287,7 a a 249,7 AB a 390,0 Be a 259,9 AB a 624,5 e a 151,3 A a 238,8 AB 
Mean species effect 227,9 A 567,3 B 395,6 B 856,1 e 231,7 A 460,0 B 
Mean decreaser/increaser 371,3 A 450,3 A 
effect 
Values sharing the same letter (capitals for species data; lower case for shade effect) are not significantly different at the 1 % level 
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studied here. Increasers have swollen bases and tiller from 
below ground , while decreasers tiller from nodes elevated 
above ground, and have no such organs. It may be postula-
ted that the swollen bases of increasers serve as sinks for the 
storage of carbohydrates. Such a system may explain the 
differential response of increasers and de creasers to defo-
liation, and would confer an advantage on increasers at low 
light intensities. 
It would appear that changes in canopy density together 
with concomitant changes in light intensity, brought about 
by different fire regimes, are an important mechanism in 
regulating grass vegetative reproduction through tillering. 
Thus with infrequent fire (i.e. a decrease in light intensity 
at the base of the plant) tilIering is reduced, whereas fre-
quent defoliation (i.e. high light intensity at the base of the 
plant) promotes tillering. Since these experiments did not 
control for the direct effects of fire or other means of defo-
liation , the results are suggestive . It is possible that defolia-
tion per se has differential effects on tilIering. The interac-
tion between defoliation and shade requires further 
investigation . 
Although increaser species were more tolerant of shade 
than decreaser species , all species were detrimentally affec-
ted by low light intensities. Such conditions are most likely 
to occur in areas where fire has been absent for long pe-
riods. An investigation of the protected plots at Thaba-
mhlope (Westfall et al. 1983), where fire has been excluded 
for 40 years, indicates that eventually all grass species are 
replaced by woody species. Thus although certain grass 
species of the Drakensberg can survive shaded conditions 
better than others, none can survive long-term exclusion of 
fire without some form of defoliation . 
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